












































The	purpose	of	 this	bachelor’s	 thesis	 is	 to	design	and	 implement	accessible	multi-platform	
mobile	navigation	application	for	navigation	of	visually-impaired	pedestrians.	I	started	with	
stating	problems	and	goals	 that	were	necessary	 to	achieve.	After	 that	 I	 compared	existing	
navigation	applications	 for	 sighted	and	visually-impaired	users,	platforms	used	by	 visually-
impaired,	accessibility	of	these	platforms	and	available	tools	for	application	creation.	At	the	














nástroje	 pro	 tvorbu	 aplikací.	 Aplikace	 byla	 navržena	metodou	 User	 Centered	 Design.	 Byly	
namodelovány	jednotlivé	případy	užití	a	k	nim	příslušné	storyboardy.	Postupně	byly	vytvořeny	











































































































































































description	 of	 a	 route	 looking	 like	 it	was	written	 by	 a	 real	 person	 or	 a	 friend	 just	 for	 the	
particular	 route	 and	 particular	 blind	 user.	 Currently	 is	 covered	 about	 150	 kilometers	 of	
pavements	in	the	city	centre	of	Prague	around	Charles'	Square.	
	




PHP	 for	 creating	 the	 Naviterier	 Routeplanner4	 which	 you	 can	 try	 on	 the	 website.	 The	
Routeplanner	is	also	responsible	and	thus	usable	on	the	desktop	as	well	as	almost	any	mobile	
device	 including	Symbian	based	devices.	Work	on	 that	website	continued	and	 I	 integrated	









I	 focus	 on	 providing	 an	 accessible	 mobile	 user	 interface	 for	 existing	 navigation	 system	
Naviterier.	 Thanks	 to	 that,	 I	 don't	 need	 to	 spend	 thousands	 of	 hours	 inventing	 complex	
navigation	 algorithms	 and	 I	 can	 simply	 focus	 on	 providing	 flawless	 user	 interface	 and	pay	
attention	to	so	important	details.	Perfectly	and	precisely	designed	user	interface	is	the	key	to	
create	a	fully	functional	navigation	system	that	is	not	only	user-friendly	and	easy	to	use,	but	














































































step	by	step	navigating	 from	point	A	to	point	B	 like	Google	Maps	or	Maps	by	Apple	try	 to	
achieve.	 All	 of	 the	 listed	 applications	 provide	 basically	 the	 same	 functionality.	 These	
applications	keep	track	of	your	current	 location	and	announce	you	information	about	your	
current	 location,	 heading,	 distance	 to	 your	 destination,	 upcoming	 street	 intersections	 and	
nearby	surroundings	like	coffee	shops,	restaurants,	banks	and	other	points	of	interest.	None	






All	 of	 them	 excluding	 Lazarillo	 GPS	 for	 Blind	 are	 payed	 applications,	 either	 by	 one	 time	
purchase	or	monthly	plan.	BlindSquare	is	probably	the	most	popular,	it	uses	Foursquare	and	
Open	Street	Map	as	a	data	 source.	 The	Seeing	Eye	GPS	uses	Google	Maps,	 Foursquare	or	
TomTom	 as	 a	 data	 source.	 Data	 source	 of	 Lazarillo	 GPS	 for	 Blind	 stays	 unknown	 to	 me.	
Downside	of	all	three	applications	 is	a	need	to	stay	connected	to	the	 internet	all	the	time.	
Nearby	 Explorer	 compensates	 this	 disadvantage	 by	 downloading	 data	 from	Google	 Places	
offline	to	your	device	so	it	can	be	used	without	internet	connection	later	on.	Unfortunately	
only	a	 few	cities	 in	 the	United	States	and	Canada	are	 currently	 fully	 supported	by	Nearby	
Explorer.	
	

















































































































In	 1999	 the	Web	 Accessibility	 Initiative	 (WAI)	 of	 the	World	Wide	Web	 Consortium	 (W3C)	
published	Web	Content	Accessibility	Guidelines	(WCAG	1.0)	[6]	which	have	been	replaced	in	
2008	 by	WCAG	 2.0	 [7].	 These	 are	 guidelines	 for	 website	 developers	 to	 ensure	maximum	
accessibility	across	the	web	especially	 for	visually-impaired	users.	With	growing	amount	of	
asynchronous	 XMLHttpRequests12	 and	 adoption	 of	 mobile	 application	 grew	 disunity	 of	
accessibility	through	internet	applications	across	platforms.	Those	events	gave	birth	to	Web	
Accessibility	Initiative	-	Accessible	Rich	Internet	Applications	(WAI-ARIA)	1.0	[4].	These	are	set	




or	 set	 of	 rules	 can	 fully	 ensure	 exceptional	 accessibility	 based	 on	 headless	 following	 of	
guidelines	and	automated	testing.	That’s	a	good	reason	to	employ	User		
-Centered	 Design	 [2]	 methodlogy.	 Proper	 user	 evaluation	 is	 unavoidable	 to	 achieve	 fully	





































web	 based	 application	 can	 guarantee	 100%	 functionality.	 Symbian	 devices	 are	 currently	
outdated	and	cannot	make	use	of	all	modern	tools.	A	lot	of	them	doesn't	even	have	a	GPS		
support.	There	 is	an	option	to	select	supported	and	tested	devices	that	will	work	with	the	



























jQuery14	 and	 other	 related	 DOM-manipulative	 frameworks	 and	 libraries	 are	 very	 strong	
helpers	 if	used	 rarely.	Otherwise,	 it	brings	more	chaos	 than	benefit	while	overly	excessive	
DOM	 manipulation	 definitely	 isn’t	 accessibility-friendly	 neither.	 jQuery	 excessively	
manipulates	the	DOM	and	therefore	we	can	expect	undefined	behavior	of	the	screen	reader.	





in	 one	 single	 language	 and	 framework.	 There	 is	 an	 extensive	 support	 to	 live	 updates	 and	
event-driven	actions.	The	whole	framework	is	quite	opinionated	and	forces	developers	to	use	
pre-made	 plugins	 and	 modules	 including	 Back-end	 with	 MongoDB.	 Bootstrapping	 an	
application	is	on	the	other	hand	very	fast	and	easy	if	it	fits	into	the	set	of	available	plugins	and	
modules.	Blaze16	is	the	default	templating	engine,	but	Meteor	also	supports	use	of	Angular	




and	 view	 layers	 as	 well	 as	 routing	 and	 asynchronous	 data	 loading	 from	 a	 server.	 It	 uses	
Handlebars18	 templating	system	supporting	2-way	data	binding.	Ember	 is	one	of	 the	more	
opinionated	 frameworks	 that	 induces	use	of	 specific	 tools	and	 techniques.	 It	 suits	well	 for	






custom	 made	 “DOM	 elements”	 called	 directives	 for	 excellent	 reusability.	 Controllers	 for	
lightweight	 functionality,	 logic	 behind	 the	 scenes	 and	 Services	 to	 take	 care	 of	 the	
communication	 with	 server	 or	 just	 simple	 routing.	 Angular	 excels	 at	 easy	 binding	 and	
dependency	injection.	It	also	allows	use	of	jQuery	or	similar	DOM-manipulative	libraries	along	
with	the	view	layer.	Although	it	is	slightly	opinionated	its	largest	disadvantage	is	in	fact	in	the	
quite	 liberal	 approach	 to	 achieving	 tasks	 where	 a	 single	 goal	 can	 be	 done	 in	 numerous	
absolutely	different	ways	contributing	to	inconsistency.	The	community	is	huge	and	a	lot	of	
help	and	pre-made	solutions	or	modules	can	be	found	easily.	Angular	offers	good	accessibility	










































































Although	Meteor	 and	 Ember	 bring	 a	 lot	 to	 the	 table,	 their	 opinionated	 approach	 is	 quite	
limiting	for	such	a	unique	project.	A	great	view	layer	and	very	lightweight	data	model	is	clearly	
the	 choice	 here.	 Because	 I	 have	 way	more	 experience	 with	 React	 and	 I	 tend	 to	 use	 uni-
directional	data	flow	a	lot	(namely	Redux).	I	chose	React	over	Angular	or	Vue	as	the	library	to	
go	with.	Another	reason	would	be	lack	of	uniformity	in	solutions	on	the	Angular	side.	Or	need	










analyse	 all	 problems	 and	 then	 create	 use	 cases	 that	 will	 be	 transformed	 into	 low-fidelity	











GPS	 localization	makes	 the	 application	 really	 usable,	 so	 it's	 a	must-have.	 It	would	 be	 just	
another	Routeplanner	without	it.	GPS	should	be	usable	for	finding	the	location	from	which	
the	user	starts	its	route	and	also	to	check	if	the	user	is	on	the	route	or	not.	It	may	be	fine	to	
have	 continuos	 announcing	 of	 current	 location,	 surroundings,	 distance	 to	 destination	 and	
warning	when	walking	off	the	route.	But	there	is	many	other	applications	out	there	that	do	
just	this.	This	application	will	purely	focus	on	navigation,	not	distraction.	And	even	if	I	wanted	
to	 integrate	 this.	Unfortunately	 there	 is	 no	 background	 ready	 for	 continual	 localization	 at	
Naviterier.	So	it's	not	possible	with	the	data	right	now.	In	near	future	most	likely,	but	not	now.	




















































































is	 just	 that	 exact	 location	 last	 problem	 remaining.	 Fortunately	 Naviterier	 can	 take	 quite	





















































































Based	 on	 the	 original	 Naviterier	 Routeplanner,	 use	 cases	 and	 storyboards	 were	 created	





























































































































































































































input	 it	 can	 provide	 (address,	
description	 of	 the	 place,	
format).	
Add	 more	 specific	 label	 or	
description.	
Table	4-1:	Heuristic	evaluation	-	Fill	in	destination	
Type	 Finding	 Description	 Suggestion	
Figure	4.2.	No	findings.	
Table	4-2:	Heuristic	evaluation	–	Multiple	addresses	found	
Type	 Finding	 Description	 Suggestion	
Figure	4.3.	No	findings.	
Table	4-3:	Heuristic	evaluation	–	Use	GPS	
Type	 Finding	 Description	 Suggestion	
Figure	4.4.	No	findings.	
Table	4-4:	Heuristic	evaluation	–	Walk	for	a	while	
Type	 Finding	 Description	 Suggestion	
Figure	4.5.	No	findings.	
Table	4-5:	Heuristic	evaluation	–	On	which	side	is	a	road	








Type	 Finding	 Description	 Suggestion	
Figure	4.6.	No	findings.	
Table	4-7:	Heuristic	evaluation	–	Start	navigation	








or	 embed	 this	 information	
into	segments.	
Table	4-8:	Heuristic	evaluation	–	Next	segment	
Type	 Finding	 Description	 Suggestion	
Figure	4.7.	No	findings.	
Table	4-9:	Heuristic	evaluation	–	Previous	segment	








Type	 Finding	 Description	 Suggestion	
Figure	4.7.	No	findings.	
Table	4-11:	Heuristic	evaluation	–	Report	problem	
Type	 Finding	 Description	 Suggestion	
Figure	4.10.	No	findings.	
Table	4-12:	Heuristic	evaluation	–	Decide	problem	type	









Could	 lead	 to	 possibly	
dangerous	 situation	 while	








Type	 Finding	 Description	 Suggestion	
CW	 Figure	4.7.	
Q2	
User	 strikes	 a	 block	 on	 the	
route.	It	may	be	an	unexpected	
obstacle	 or	 user	 just	 got	 lost.	
User	may	 click	 on	 „I	 think	 I’m	
















Type	 Finding	 Description	 Suggestion	
CW	 Figure	4.12.	
Q3	
User	 may	 just	 encountered	
block	 on	 the	 route	 but	
application	 tells	 the	 user	
he/she	is	on	the	right	route.	
(Not	UI	related)	











reader	 on	 iOS,	 they	 cause	double	 reading	 on	 Android	 devices.	 As	 this	 is	 tolerable	
behaviour	 on	websites,	 it	 brings	 unecessary	 confusion	 to	 the	 application.	 The	 best	
option	would	be	to	hide	<label>	elements	for	screen	readers	and	let	them	read	only	
the	 <input>	 element	 of	 which	 are	 those	 <label>	 elements	 bound	 to.	 This	 can	 be	
























false	 is	 currently	 not	 fully	 supported	 in	 all	 browsers.	 That	 can	 lead	 to	 undefined	
behavior	 especially	 on	 Android	 devices	 where	 browsers	 implement	 diverse	


























JavaScript	 codebase.	 ReactJS	 was	 used	 as	 library	 of	 choice	 for	 view	 layer	 due	 to	 its	







JavaScript	web	 application	 is	 then	wrapped	 in	 native	 code	 allowing	 it	 tu	 be	 installed	 and	
runned	as	standalone	native	alike	application	thanks	to	cordova.	Cordova	has	quite	large	fan	
base	so	there	 is	a	 lot	of	plugins,	modules	and	modulations	available	on	github.	 I	used	one	
handy	 geolocation	 plugin33	 for	 enabling	 GPS	 geolocalization	 to	 run	 in	 background	 when	
application	is	suspended.	
	




































polyline	 (route)	 is	 counted	as	 a	 geo	distance	 in	meters.	Application	uses	 the	distance	 and	
accuracy	radius	to	determine	if	user	is	on	or	very	close	to	the	route	by	subtracting	the	radius	
from	the	distance.	Application	responses	to	user	by	saying	he/she	is	off	the	route	if	he/she	is	




There	are	 two	options	of	determining	 start	 location	when	 searching	 for	 a	 route.	User	 can	
either	 input	 his/her	 start	 location	 manually	 or	 use	 GPS	 localization.	 In	 the	 case	 of	 GPS	
localization	is	user	asked	to	walk	about	30	meters	in	a	direction	from	a	corner	of	the	street	to	
its	middle.	Application	captures	all	received	geolocation	points	in	a	form	of	object	containing	

































































a	 community	 of	 visually	 impaired.	 I	 received	 response	 from	 6	 participants	 matching	 our	
screening.	We	were	looking	for	visually-impaired	people	using	a	touchscreen	smartphone	with	
iOS	 or	 Android	 operating	 system.	 There	 was	 no	 restriction	 in	 age,	 gender	 or	 amount	 of	
experience	with	touchscreen	smartphone.	Optional	goal	was	to	have	an	equal	amount	of	male	
and	female,	equal	amount	of	Android	and	iOS	users	and	age	span	on	the	interval	from	20	to	






P1	 P2	 P3	 P4	 P5	 P6	
Gender	 male	 male	 female	 female	 male	 male	
Age	 28	 49	 27	 26	 32	 39	













































usage	 daily	 daily	 daily	 daily	 daily	 daily	
Touchscreen	
smartphone	
ownership	 1	year	 1	year	 2	years	 3	months	 7	years	 2	years	
Impairment	






of	light	 blind	 blind	 blind	










All	 participants	 had	 a	 lavalier	 microphone	 clipped	 to	 their	 jackets	 during	 the	 whole	 test.	
Lavalier	microphone	used	was	A.Lav	by	Aputure36.	This	lavalier	microphone	was	connected	to	
an	 audio	 recorder.	 Audio	 recorder	 used	 for	 this	 test	 was	 H1	 by	 ZOOM37.	 Preparation,	 all	
instructions,	 the	test	 itself	and	questionnaire	after	 test	are	a	parts	of	 those	audio	records.	
Participants	were	given	my	iPhone	7	with	pre-installed	application	as	a	testing	device.	One	
reason	for	that	is	a	problem	with		distribution	of	unreleased	application	on	iOS	devices	and	










































was	 to	 test	 searching	 points	 of	 interest.	 They	 were	 asked	 to	 enter	 their	 current	 location	
manually	because	they	know	it	(and	I	also	repeated	that	address	aloud).	I	stopped	them	after	


























Between	 segment	 2	 and	 3	 is	 relatively	 safe	 pedestrian	 crossing	 with	 low	 traffic	 in	 one	
direction.	See	appendix	8.3-C.	
	


















































0	 1	 2	 3	 4	



















Q4	 	 x	 	 	 	 	 	
Q5	 	 x	 	 	 	 	 	
Q6	 	 x	 	 	 	 	 	
Q7	 x	 	 	 	 	 	 	
Q8	 x	 	 	 	 	 	 	
Q9	 x	 	 	 	 	 	 	








Q11	 x	 	 	 	 	 	 	
Q12	 	 x	 	 	 	 	 	








Q14	 	 x	 	 	 	 	 	
Q15	 	 	 none	 most	not	 some	 most	 all	
Q16	 	 x	 	 	 	 	 	
Q17	 	 	 none	 most	not	 some	 most	 all	
Q18	 	 x	 	 	 	 	 	



















P1	 P2	 P3	 P4	 P5	 P6	

























Half	 of	 the	 participants	 passed	 the	 destination	 because	 they	 expected	 a	 distance	














I	 managed	 to	 create	 fully	 functioning	 multi-platform	 navigation	 application	 for	 visually-
impaired	 people	with	 all	 required	 functionality.	 Users	 can	 search	 for	 points	 of	 interest	 or	
addresses	 with	 typing	 errors	 independence.	 Check	 if	 they	 went	 off	 the	 route.	 Report	 a	





The	 design	was	 done	 in	 iterations	 and	 each	 iteration	was	 consulted	with	 blind	 or	 sighted	
expert.	 Evaluation	 of	 the	 final	 application	 proved	 that	 it	 is	 able	 to	 successfully	 fullfill	 its	








































































































































































































































true).	 After	 several	minutes	wandering	 around	 and	walking	 back	 and	 forth	 forgets	
what	she	was	looking	for	and	gives	up.	I	step	in	and	ask	her	what	can	she	do.	She	says	
she	can	either	get	back	to	start	or	continue	walking	down	the	street	and	hope	she	finds	







































P2: Bumped	 to	 obstacle,	 no	 report.	 Not	 sure	 where	 is	 the	 destination.	 Passed	 on	 the	
destination	by	around	20	meters.	
P3: Not	 sure	where	 is	 the	destination.	Awaits	 the	application	 to	 tell	 her	when	 to	 stop.	
Passed	on	 the	destination	 to	 the	next	corner.	At	 first	 thinks	about	crossing	 to	next	
street.	Then	realizes	the	application	won't	tell	her	and	she	needs	to	count	the	meters.	
Makes	a	bad	guess	of	distance.	Doesn't	find	the	destination	correctly.	
P4: Bumped	 to	 an	 obstacle,	 no	 report.	 Not	 sure	 where	 is	 the	 destination.	 Passed	 the	
destination	 by	 about	 10	 meters.	 Thinks	 she	 is	 not	 correct	 and	 gets	 back	 to	 the	
destination	correctly.	


































P1	 P2	 P3	 P4	 P5	 P6	
like	very	much	 like	very	much	 like	very	much	 like	very	much	 like	very	much	 rather	like	
Appendix	8.2-I:	Q1	
Q2:	Would	you	go	to	an	unknown	place	just	with	this	application	alone?	
P1	 P2	 P3	 P4	 P5	 P6	
definitely	yes	 rather	yes	 definitely	yes	 definitely	yes	 definitely	yes	 definitely	yes	
Appendix	8.2-J:	Q2	
Q3:	Would	you	use	the	application	to	search	for	exact	addresses	or	points	of	interest?	








































































































































P1	 P2	 P3	 P4	 P5	 P6	
any	length	 mostly	1-8	streets	 any	length	 any	length	 mostly	2-8	streets	 any	length	
Appendix	8.2-O:	Q7	
Q8:	How	often	would	you	use	the	application?	
















P1	 P2	 P3	 P4	 P5	 P6	




P1	 P2	 P3	 P4	 P5	 P6	


















































P1	 P2	 P3	 P4	 P5	 P6	
rather	would	 definitely	would	 definitely	would	 rather	would	 rather	would	 rather	would	
Appendix	8.2-U:	Q13	
Q14:	What	kind	of	a	problem	would	you	most	likely	report?	































P1	 P2	 P3	 P4	 P5	 P6	
most	 all	 most	 all	 all	 all	
Appendix	8.2-W:	Q15	
Q16:	What	data	were	incorrect?	









P1	 P2	 P3	 P4	 P5	 P6	






P1	 P2	 P3	 P4	 P5	 P6	
-	 -	 -	 -	 -	 -	
Appendix	8.2-Z:	Q18	
Q19:	Was	the	application	comfortable	to	use	on	noisy	and	busy	street?	
P1	 P2	 P3	 P4	 P5	 P6	
rather	was	 rather	was	 definitely	was	 definitely	was	 definitely	was	 definitely	was	
Appendix	8.2-AA:	Q19	
	
8.3 Segments	of	testing	route	
	
	
Appendix	8.3-A:	Start	of	the	segment	1	
60	
	 	 	
	
Appendix	8.3-B:	Obstacle	in	the	middle	of	segment	2	
	
Appendix	8.3-C:	First	pedestrian	crossing	betweens	segments	2	&	3	
61	
	 	 	
	
Appendix	8.3-D:	Segment	3;	Participants	were	asked	about	slope	of	the	pavement	at	the	end	of	this	segment	
	
Appendix	8.3-E:	An	obstacle	at	the	end	of	segment	3	
62	
	 	 	
	
Appendix	8.3-F:	Second	pedestrian	crossing	between	segments	3	&	4	
	
Appendix	8.3-G:	An	obstacle	at	the	beginning	of	segment	4	
63	
	 	 	
	
Appendix	8.3-H:	Segment	4	
	
Appendix	8.3-I:	Destination;	"Na	Zděraze	13"	
64	
	 	 	
	
Appendix	8.3-J:	After	the	destination	street	continues	to	an	intersection	
	
8.4 Submited	files	and	archives	
There	is	a	list	of	directories,	files	and	archives	I	submitted	together	with	this	bachelor's	thesis.	
Make	sure	you	read	readme	files	in	each	particular	directory	for	launching	instructions.	
	
1. naviterier_appsource	-	is	a	directory	containing	all	source	files	
2. naviterier_hybrid	-	is	a	directory	containing	the	hybrid	wrapper	
3. storyboards	-	is	a	directory	containing	all	storyboards	in	full	resolution	
4. mockups	-	is	a	directory	containing	all	mockups	in	full	resolution	
5. low_fi	-	is	a	directory	containing	all	low-fidelity	prototypes	
6. high_fi	-	is	a	directory	containing	a	high-fidelity	prototype	
7. screens	-	is	a	directory	containing	screenshots	of	all	application	screens	
8. logs	-	is	a	directory	containing	all	application	logs	from	the	testing	
Appendix	8.4-A:	Submitted	content	
